Following an initial clean-up step on a silica gel column, preparative high-speed counter-current chromatography (HSCCC) method was successfully established by using n-hexane-ethyl acetatemethanol-water (2.3:2:2:1.3, v/v) as the two phases solvent system to isolate and purify terpenoids from the stem and root bark of Celastrus aculeatus Merr. The isolation was done in less than 260 min and 2.5 mg of nimbidiol (I) and 3 mg of pristimerin (I I) were yielded from 250 mg of the crude extract with the purity of 95.0 and 97.1%, respectively, as determined by high-performance liquid chromatography (HPLC). Their structures were identified by using spectroscopic methods including ultraviolet (UV), electron ionization mass spectrometry (EI-MS), hydrogen nuclear magnetic resonance 1 (HNMR) and 13 CNMR. Nimbidiol and pristimerin were isolated from C. aculeatus Merr for the first time.
INTRODUCTION

Celastrus aculeatus Merr.(Celastrus)
) is a Chinese medicine that belongs to the family Celastraceae and the genus Celastrus. For centuries, roots, stems and leaves of C. aculeatus have been used to treat rheumatoid arthritis, osteoarthritis, lower back pain and so on. However, up to now, few phytochemical studies on this plant have been described in the literature. In order to find out the bioactive components, we have studied the chemical components of C. aculeatus Merr. Some of the bioactive components are difficult to separate because of their low contents. Although preparative HPLC or silica gel column makes the isolation and purification much easier than before, the considerable loss of herbal material requires more efficient methods to provide bioactive components. *Corresponding author. E-mail: Ye-lab@scnu.edu.cn. Tel: 862085212021. Fax: 862085212021. Compared to conventional liquid-solid methods, HSCCC without a solid phase has more advantages. A supportfree liquid-liquid partition chromatographic technique eliminates such adsorption problems (Ito, 1981) has been widely used in preparative separation of natural products (Yang et al., 2009) . In the present study, the HSCCC method was developed for the separation and purification of nimbidiol and pristimerin from C. aculeatus Merr. Their structures were elucidated with EI-MS, 1 HNMR and 13 CNMR. As far as we know, the two compounds were obtained from C. aculeatus Merr for the first time.
METHODOLOGY Materials
The roots and stems of C. aculeatus Merr.(were collected from Guangdong province of China). TBE-300 A high speed countercurrent chromatograph (Shanghai Tauto Biotech Company). HX-1050 constant-temperature circulation implements (Beijing Byoikang Lab. Instrument Company). Waters symmetry C18 column 
EXPERIMENTAL METHODS
Preparation of crude sample
The roots and stems of C. aculeatus Merr. were collected in the Guangdong province of China and identified by Dr. Ye Hua-gu, a plant taxonomist at South China Institute of Botany. A voucher specimen number 10943 was deposited there. Six kilograms airdried roots and stems were minced with a grinder and then extracted three times with 95% ethanol at the temperature of 70 Celsius degrees every 3 h. After evaporating of the solvent under reduced pressure, the ethanol extract was diluted in H2O and then extracted with petroleum ether. The petroleum ether layer (65 g) was chromatographed on a silica gel column using petroleum-ethyl acetate (10:1; 5:1; 1:1; 1:5) as eluent to give four fractions. Fraction 4 (12 g) was used for the subsequent HSCCC isolation and purification.
Measurement of partition coefficient (K)
The composition of the two phase's solvent system was selected according to the partition coefficient (K) and peak resolution of the target compounds. The measurement of K values was performed as following procedures according to the literature (Ito, 2005) : 3 mg crude sample was weighed into a test tube to which 1mL of each phase of the pre-equilibrated two phases solvent system was added. The test tube was then shaken vigorously for 3 min to thoroughly equilibrate the sample between the two-phase. An aliquot of each phase (500 μL) was delivered into a test tube separately and evaporated to dryness. The residues were diluted with methanol to1mL and analyzed by HPLC. The K value was defined as the peak area of target compound in the upper phase (stationary phase) divided by the peak area of compound in the lower phase (mobile phase).
Preparation of two phase's solvent system
In the present study, the two phases solvent system composed of hexane/ethyl acetate/methanol/water (2.3:2:2:1.3, v/v) was used for HSCCC separation. The solvent mixture was shaked thoroughly at room temperature in a separatory funnel and placing overnight quietly. Before using, the separated two phases were degassed for 30 min, respectively.
HSCCC separation procedure
In the separation process the HSCCC column was first entirely filled with the upper organic phase. Then the aqueous mobile phase was pumped through the column at a flow rate of 1.5 mL/min in the head to tail direction (reversed mode). After the system reached hydrodynamic equilibrium, the crude sample dissolved in upper phase was injected through the sample port. The column was rotated at 900 rpm. The effluent from the outlet of the column was monitored continuously with the UV detector at 254 nm and collected in test tube per 5 min. Each peak fraction was collected and evaporated under reduced pressure. The residues were dissolved in methanol for subsequent HPLC analysis. After separation, retention of the stationary phase was measured by collecting the column contents into a graduated cylinder by forcing them out of the column with pressurized nitrogen gas.
HPLC analysis and identification of HSCCC peak fractions
The crude extract and fractions separated by HSCCC were analyzed by HPLC. HPLC was performed using a waters system with a waters symmetry C18 column (150×4.6 mm and 5.0 µm). The wavelength for detection was set at 254 nm according to the UV spectrums of all the fractions. Flow rate was 0.8 mL/min. Compound(I) was run in 30 min with methanol from 70 to 100% (v/v) and water 30% to 0 (v/v) in linear change. Compound (I I) was run in 30 min with methanol: 0.1%phosphoric acid (88:12) as mobile phase, and the column temperature was maintained at 30°C. The purities of the collected fractions were determined by HPLC. Identification of the HSCCC peak fractions was performed by 1 H NMR and 13 C NMR.
RESULTS AND DISCUSSION
Selection of two phases solvent system and other conditions of HSCCC
The search for the suitable solvent system which gives a proper range of K values (partition coefficient) for the target compound is the crucial first step for successful HSCCC separation (Ito, 2003) . The ideal K values of target compounds should be from 0.5 to 2.0. Generally, small K values result in poor peak resolution, while large K values tend to cause excessive band broadening. For this crude sample, the most commonly used Hexaneethylacetate-methanol-water (HEMW) system at various volume ratios (0.4:2:0.4:2; 1:2:1:2; 2:2:2:2; 2.3:2:2:1.3, v/v) were further tested and their K values were measured. The K values of compounds in different ratios of HEMW determined by HPLC were listed in Table 1 . As shown in Table 1 , when HEMW (0.4:2:0.4:2, v/v) was selected as a solvent system, too small K values would result in poor peak resolution. It can be also seen that the K values of the HEMW (1:2:1:2, v/v) and HEMW (2:2:2:2, v/v) were too large, which lead to a long separation time and broad peaks. HEMW (2.3:2:2:1.3, v/v) was finally chosen for HSCCC separation as it gave a reasonable range of K values and a better resolution of target compounds. And it was used to isolate and purify two compounds from C. aculeatus Merr shown in Figure 3 . In addition, other factors such as the revolution speed of the separation column and the flow rate of the mobile phase were also investigated. The result indicated that a low flow rate could produce a good separation, but long elution time was required and peaks became broader. Experiments result showed that when the flow rate was set at 2.0 ml min -1 , revolution speed was 900 rpm, retention percentage of the stationary phase could reach 67% and good separation results could be achieved. Two compounds (I and II) were obtained in one-step elution less than 260 min (HSCCC chromatogram is shown in Figure 3 ) with the solvent system composed of n-hexaneethylacetate-methanol-water (2.3:2:2:1.3, v/v). An amount of 2.5 mg of compound I and 13.0 mg of compound II were separated from 250 mg of the crude extract.
HPLC analysis and structure identification of HSCCC peak fractions
As shown in Figure 1 and 2, the HPLC chromatogram of each HSCCC peak fraction revealed that two compounds were purified from the crude extract. The purities of compound I and compound II were 95.0 and 97.1%, respectively. The structure identification of the HSCCC peak fractions was based on EI-MS, ): 3428, 2990, 2915, 2820, 1645, 1590, 1505, 1430, 1355, 1323, 1278, 1188, 875 . This spectral data of 1 H NMR and 13 C NMR are in agreement with that of nimbidiol in the literature (Majumder et al., 1987; Masahiro et al., 2010 2940, 1723, 1650, 1590, 1520, 1435, 1375, 1300, 1245, 1220, 1205, 1185, 155, 1145, 1095, 1085, 990, 870, 860 (Jiang et al., 1996) .
CONCLUSION
HSCCC was successfully used for the preparative isolation of terpenoids. In combination with a suitable extraction and cleanup procedure prior to HSCCC separation, 2.5 mg nimbidiol and 3.0 mg pristimerin were obtained from 250 mg of the crude sample on a preparative scale. Meanwhile, the isolation of nimbidiol and pristimerin for the first time from C. aculeatus Merr proved HSCCC to be a useful tool for the exploring of the chemical component of traditional medicinal herbs. . HSCCC chromatogram of crude extract from C. aculeatus Merr. Two-phase solvent system, n-hexane-ethyl acetate-methanol-water (2.3:2:2:1.3 v/v); mobile phase, the lower phase; flow rate, 2.0 mL/min; revolution speed, 900rpm; detection wavelength, 254 nm; separation temperature, 20°C; sample size, 250 mg crude sample dissolved in 10 mL of the upper phase and 10 ml of the lower phase. Retention of the stationary phase: 67%
